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(54) 



A main liquid -fuel injection device for a single combustion chamber, having a premixing 
chamber, of a gas turbine with low emission of pollutants 



(57) A main liquid fuel injection device (20) for a sin- 
gle combustion chamber, having a premixing chamber 
(12), of a gas turbine with low emission of pollutants, 
comprising a set of injection channels for the liquid fuel 



d within the premixing chamber (1 2); the injec- 
tion device (20) has a set of blades (32) extending radi- 
ally about the axis of symmetry of th e comb ustio n cham- 
ber (1 0), each of which is provided with at least one of 
the Injection channels. 
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(54) Pre-mixing chamber for gas turbines 

(57) A pre-mixing chamber (10) for gas turbines, 
wherein the gas turbine is of the type which comprises 
at least one compressor connected to the turbine, and 
a combustion chamber, wherein the combustion cham- 
ber has a converging portion (12), positioned such as to 
give rise to combustion inside the combustion chamber, 
and wherein the pre-mixing chamber (1 0) has a plurality 
of pipes (19) provided with holes (20), which open into 



the combustion chamber on a front portion of the body 
of the pre-mixing chamber (10). in order to generate a 
series of pilot flames, which are appropriately regulated, 
in order to stabilise a main flame, which is primed inside 
the combustion chamber, in which a front area of the 
converging portion (12) of the pre-mixing chamber (10) 
has at least one circular groove (28) provided at the 
holes (20) which belong to the pipes (19). 
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Description 

[0001] The present invention relates to 
chamber for gas turbines. 
[0002] As is known, gas turbines are 
consist of a compressor, and of a turbine 
more stages, wherein these components a e 

e anotherby a rotary shaft, and where 
tion chamber is provided between the 
the turbine. 

[0003] Air is supplied to the compressor f om 
environment, in order to pressurise the 
[0004J The compressed air passes through 
of pre-mixing chambers, which end in a no/ zle 
verging portion, to each of which there is 
which in the case of gaseous fuel is mixet 
in order to form an air-fue! mixture to be 
[0005] There is thus admitted into the 
chamber, by means of one or more burne s, 
supplied by a pressurised network, the fuel 
essary in order to produce the combustion 
signed to give rise to an increase in the I 
enthalpy of the gas. 

[0006] The known burner units have a cc 
ture, inside which, in the case of gaseous 
present an element in the shape o! an og 
turn is contained inside a body which 
ing portion, which in current technica! lang 
eraliy known as a shroud, and is connected 
sponding mouth, which permits connei 
shroud to the combustion chamber. 
[0007] Corresponding turbulence in the 
pressed air obtained from the compressor 
downstream from the element in the shape 
by associating with each burner an elerr 
generally known according to the art as a 
intercepts the flow of air obtained from the 
and is provided with a complex shape, 
series of blades oriented in opposite 
which is designed to produce this turbulence. 
[0008] The turbulence thus created 
corresponding mixing of the air itself with 
combustion chamber. 
[0009] In order to improve the 
bility of the flame, in the case of 
there is also generally provided a paralle 
system, which can generate a pilot flame 
of the output of the burner. 
[0010] The assembly constituted by the 
makes it possible to create a flame which h; 
tially annular shape, and is positioned ins 
bustion chamber, in the vicinity of the dome 
[0011] Finally, via corresponding pipes, 
perature, high-pressure gas reaches the v 
of the turbine, which transforms the enthaliy 
into mechanical energy which is available 
[0012] If the area in which the combustion takes place 
is observed in greater detail, it can be no|ed that typi- 
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cally, in a position which is at the front in relation to (he 
pre-m ixi ng chamber, dyn amic bala nee is created, wh ich 
makes it possible to position the flame alan appropriate 
distance from the converging portion of the pre-mixing 
s chamber. 

[0013] This dynamic balance depends on various pa- 
rameters, amongst which the characteristic air/fuel ratio 
of the mixture to be burned is of particular importance. 
[0014] In fact, if the mixture is too rich, there is a faster 

10 speed of reaciion, which however can cause a back-fir- 
ing of the flame, which can give rise to destruction of, or 
damage to. the units of the gas turbine. 
[0015] In addition, a rich mixture causes an undesir- 
able increase in pollutant secondary combustion prod- 

« ucts, and in particular an increase in the nitric oxides 
(NOx). 

[0016] However, it is not generally possible to in- 
crease the air/fuel ratio above a certain threshold, since 
this decreases the speed of reaction, and the flame with- 
20 draws from the burner, until undesirable extinction of the 
mixture takes place. 

[0017] The present invention thus seeks to eliminate 
the disadvantages of the known art, by providing a pre- 
mixing chamber for gas turbines, which makes it possi- 
25 bie to reduce draslically the additional fuel required, thus 
rendering the pollutantemissions minimal, and which si- 
multaneously keeps the main flame stable over a period 
of time. 

[0018] The present invention also seeks to provide a 
30 pre-mixing chamber for gas turbines which is safe and 
reliable, and is designed such as to obtain also a sub- 
stantial energy saving compared with the known art. 
[0019] The present invention still further seeks to pro- 
vide a pre-mixing chamber for gas turbines which Is rel- 
35 atively simple and economical to produce, as a result of 
the advantages obtained. 

[0020] According to one aspect of the invention, there 
is provided a pre-mixing chamber for gas turbines, 
wherein the said gas turbine is of the type which com- 

40 prises at least one compressor connectedto the turbine, 
and comprises a combustion chamber, wherein the said 
pre-mixing chamber has a converging portion, posi- 
tioned such as to give rise to combustion inside the said 
combustion chamber, and wherein the said pre-mixing 

« chamber has a plurality of pipes provided with holes, 
which open into the combustion chamber, provided on 
a front portion of the said pre-mixing chamber, in order 
to generate a series of pilot flames, which are appropri- 
ately regulated, in order to stabilise a main flame, which 

so isprimed inside the combustion chamber, characterised 
in that a front area of the said converging portion of the 
pre-mixing chamber has at least one circular groove 
provided at the said holes which belong to the said 
pipes. 

[0021] According to a preferred embodiment of the 
present invention, the circular groove has a cross-sec- 
tion substantially in the shape of a "V". 
[0022] According to another preferred embodiment of 
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the present invention, at least one First surface which 
belongs to the converging portion has a partial protec- 
tive coating, whereas a second surface of the converg- 
ing portion, which also includes the V-shaped groove, is 
treated by means or a full protective coating. 
[0023] According to another preferred embodiment of 
the present invention, the holes which belong to the 
pipes are disposed equidistantly in an annular direction, 
relative lo a casing of the pre-mixing chamber. 
[0024] According lo a further preferred embodiment 
or the present invention, the converging portion of the 
pre-mixing chamber is connected in a detachable man- 
ner lo the casing o! the pre-mixing chamber itself. 
[0025] The invention will now be described in greater 
detail, by way or example, with reference to the draw- 
ings, in which:- 

Figure 1 shows an elevated front view of a pre-mix- 
ing unit, comprising a pre-mixing chamber accord- 
ing to the present invention; 

Figure 2 shows in cross-section the pre-mixing unit 
in figure 1 ; 

Figure 3 shows a laleral view, partially in cross-sec- 
tion, of the converging portion which belongs to the 
pre-mixing chamber shown in figure 1 ; and 

Figure 4 shows in cross-seclion a detail belonging 
to the converging portion of the pre-mixing unit ac- 
cording to the invention. 

[0026] With particular reference to the aforemen- 
tioned figures, the reference number 10 indicates as a 
whole the pre-mixing chamber according to the present 
invention. 

[0027] The pre-mixing chamber 1 0 consists of a cas- 
ing 1 1 , which in turn is connected to a converging portion 
12, which faces the combustion chamber {not shown (or 
the sake of simplicity) of the gas turbine. 
[0026] The pre-mixing chamber 1 0 is supported by a 
support column 29, in which there is also present a first 
duct 22 for admission or gaseous fuel into the pre-mixing 
chamber 10, 

[0029] In greater detail, the converging portion 12 is 
connecied to Ihe casing 11 by means of a flange 13, 
which firstly clasps the converging portion 12 and re- 
tains it in a non-detachable manner," and secondly is 
connected in a detachable manner to the casing 11 of 
the pre-mixing chamber 10, all such as to render the 
converging portion 12 integral with the casing 11 . 
[0030] The flange 13 is produced by means of a bush 
element, in which the converging portion 12 is inserted, 
with the ends of the bush element connected firstly to 
the converging portion 12, and secondly to the casing 
11. 

[0031] A first end of the bush element of the flange 13 
is provided with an edge 14, which projects towards the 
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interior of Ihe bush element itself, such as to form a 
shoulder, against which a projecting portion is o( the 
converging portion 12 abuts. 
[0032] In addition, a second end of the bush element 
s supports a plate-type extension 16, which projects to- 
wards the exterior of the bush element, and abuts a from 
portion of the casing 11. 

[0033] Above the bush element 13, there are provided 
three through holes, which are aligned with the equiva- 

io tent number ol through holes provided in the casing 1 1 , 
in which screws 1 7 are provided as threaded locking el- 
ements, such as to produce a detachable connection 
between the converging portion 1 2 and the casing 1 1 of 
the pre-mixing chamber 10. 

15 [0034] The converging portion 12 also has an annular 
cavity, on which the bush element 13 is superimposed. 
[0035] The annularcavily, which is closed in this man- 
ner by the bush element 13, forms a distribution cham- 
ber 27 which communicates with a second duct 1 8 pro- 

20 vided in a column-type support 29 in the pre-mixing 
chamber 10. 

[0036] The distribution chamber 27 also communi- 
cates with further pipes 1 9 provided inside the body itself 
of the converging portion 12. 

25 [0037] The pipes 1 9 end in holes 20 provided such as 
to open into the combustion chamber, on a front portion 
of the body of the pre-mixing chamber 10. 
[0038] The duct 1 8 supplies fuel inside the distribution 
chamber 27, and from there the fuel is distributed 

30. through the pipes 1 9 into the combustion chamber, such 
as to feed a pilot flame, which usually has an annular 
configuration, and surrounds a main flame formed by 
combustion of the fuel. 

[0039] In the embodiment shown by way of non-limit- 

35 ing example, there are eight pipes 19, provided inside 
the body of the converging portion 12, around a circum- 
ference, and equidistant from one another on the latter. 
[0040] However, other configurations are possible (or 
the holes 20 and Ihe pipes 19, without departing from 

to the context of the invention. 

[0041] The fact lhat the converging portion 12 can be 
dismantled makes it possible inter alia to replace this 
converging portion 12 by another converging portion 
with a different contiguralion. 

"S [0042] The duct 18 has Iwo portions, i.e. a first portion 
is provided in the column-type support 29, whereas the 
opposite end ends with an enlargement, which consti- 
tutes a seat in which a sealing "Elicoflex" 21 is accom- 
modated, between the first portion of the duct 18 and a 

so second portion, which is provided on the bush element 
13. 

[0043] There is aiso associated with the pre-mixing 
chamber 10 an element or rotary unit 23, which is gen- 
erally known according to the art as a swirier, i's used 
55 to intercept the flow of air obtained from the compressor, 
has a complex shape, consisting of two blade assem- 
blies which face in opposite directions, and is designed 
to produce a turbulent flow of air, in order to permit cor- 
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responding mixing of the air itself with the 
obtained through the duct 22. 
[0044] In its interior, the pre-mixing ch; 
a first, substantially cylindrical section 24, ^nd a second, 



converging section 25, at the converging 
[0045] Inside the pre-mixing chamber 



portion 12. 
there is also 



present an ogive 26, which is secured at t le swirler23. 



fthepre-mix- 
according to 



•section sub- 



gure4, which 
responding 



for example 
semi- 



within a pre- 
id specifical- 



[0046] Whentheconvergingporiion 12c ft 
ing chamber 1 0 is observed from the front a 
the view in figure 1 , it can be seen that there is a circular 
groove 28, provided such that it corresponds with the 
holes 20 in the pipes 1 9, and has a cross-s 
stantiatly in the shape of a "V". 
[0047] A detail of this cross-section in tAe shape of a 
"V" of the groove 28 can be seen betterin fi gi 
also shows one of the pipes 1 9 and the c >r 
hole 20. 

[0048] However, the circular groove 28 c an aiso have 
a different shape for its own cross-section fi 
a cross-section in the shape of a "U" < 
circular crass-section etc. 
[0049] More particularly, the groove 28 h 
for connection to the pipes 19 which is su istantially in- 
clined, i.e. which is in the shape of a com!, and has at 
least one angle at the vertex T. 
[0050] The angle at the vertex T can van) w 
ferred, but non-limiting interval of values, a id 
ly between 115° sexagesimal and 85" sexagesimal. 
[0051] In this figure, 4, it can also be noted that a first 
surface 30, which belongs to the convergir g portion 12, 
has a partial protective coating, whereas i second sur- 
face, which belongs to the converging port on 12, which 
also includes the groove 28, is treated b) means of a 
full protective coating 31 . 
[0052] These protective coatings 30 and 31 consist of 
a particularly hard material, which has an { nti-wear and 
anti-erosion function in hot conditions. 
[0053] The functioning of the pre-mixind chamber 1 0 
according to the present invention, for ga^ turbines, is 
now illustrated in detail. 
[0054] The converging portion 12 of the pre-mixing 
chamber 10 is positioned such as to initiate combustion 
inside the combustion chamber (not show l), 
[0055] The pre-mixing chamber 1 0, whic h 
by a pressure network, receives the gaseo js 
is necessary in order to produce the comb istion, which 
gives rise to an increase in the temperature-and en- 
thalpy of the gas. 
[00561 More particularly, the fuel whioh is passed 
through the duct 22. is output via correspDn 
(not shown), and is mixed so as to form at a 
ture with the air which is obtained from th« compressor 
and passes through the swirlsr 23. 
[0057] From the pre-mixing chamber lb, the air/fuel 
mixture formed as described passes thro jgh the con- 
verging portion 1 2, into the combustion chamber down- 
stream. 

[0058] Further gaseous fuel is supplied via the duct 
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18, such as to generate pilot flames, which are used to 
stabilise the main flame. 

[0059] The flame is thus generated inside the com- 
bustion chamber, and is preferably kepi in the vicinity of 
the dome of the combustion chamber itself. 
[0060] The presence of thecirculargroove28, provid- 
ed such that it corresponds with the ho les 20 i n th e pipes 

19, at the front of the converging portion 12, permits im- 
proved stability of the flame, with all the other conditions 
remaining unchanged. 

[0061] In particular, it should be noted that by provid- 
ing this circular groove 28, it is possible to displace the 
limit of extinction of the turbine, in conditions in which 
the mixture is decidedly thinner than the limit which 
could be obtained according to the known arc. 
[0062] This phenomenon also makes it possible to re- 
duce substantially the emissions of pollutant secondary 
combustion products, and in particular emissions of ni- 
tric oxide (NOx). 

[0063] This means that the properties provided by the 
circular groove 28 permit a substantial increase in the 
operability of the machine, in particular in transient con- 
ditions and during functioning with tow loads. 
[0064] It is considered that one of the functions of the 
circular groove 28 is that it makes it possible to create 
re-circulation of the burnt particles or of the mixture and 
of the burnt gas, acting as an anchorage point which has 
an effect similar to self-ignition of the mixture, 
[0065] The embodiment described relates to a turbine 
which is supplied with gaseous fuel, and it will be appre- 
ciated that the pre-mixing chamber according to the in- 
vention, provided with the V-shaped groove 28, can ad- 
vantageously also be used with a turbine which is sup- 
plied with liquid fuel. 

[0066] According to this embodiment, the shaped 
ogival element 22 must be replaced by a liquid fuel in- 
jector, which is supplied by means of a corresponding 
pipe. 

[0067] it will be appreciated that modifications to, and 
variants of the present invention in addition to those al- 
ready described are possible, for example it is possible 
to provide the V-shaped groove 28 in a pre-mixing 
chamber 10 in which the casing 11 and the converging 
portion are produced in a single piece. 
[0068] In addition, as previously stated, the circular 
groove 28 can also have a different shape for its own 
cross-section, which for example can be in the shape of 
a °U° or a "C", or semi-circular etc. 
[0069] Another important variant of the present inven- 
tion is derived from the possibility of applying the con- 
cepts previously described not only to a turbine which 
uses gaseous fuel, or to a turbine of the dual-fuel type, 
but also to a turbine which uses liquid fuel. 
[0070] In this case, in place of the ogive 26, there is 
present a liquid fuel injector (not shown), which is sup- 
plied by an appropriate pipe, and the pipes 1 9 and the 
corresponding holes 20 are not present. 
[0071] However, in this case also, and for the purpos- 
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es described, ii is possible Eo provide a circular groove 
28 in the front area of the converging portion 12 of the 
pre-mixing chamber 10. 

[0072] The characteristics and advantages of the pre- 
mixing chamber which is the subject of the present in- s 
veniion are apparent from the description provided. 
[0073] In particular, the advantages consist of the 
possibility of stabilising the flame in the combustion 
chamber, including in conditions which were not previ- 
ously possible, thus preventing instability of the flame, w 
major turbulence, or back-firing of the flame, which can 
cause serious disadvantages in terms of the general 
functioning or the machine, as well as breakdowns, 
stoppages, delays, repairs, extraordinary maintenance 
and additional costs, which should advantageously be '5 
reduced. 



Claims 

20 

1. Pre-mixing chamber for gas turbines (10), wherein 
the said gas turbine is of the type which comprises 
at least one compressor connected to the turbine, 
and comprises a combustion chamber, wherein the 
said pre-mixing chamber (1 0) has a converging por- & 
lion (12), positioned such as lo give rise to combus- 
tion inside the said combustion chamber, and 
wherein the said pre-mixing chamber ( 1 0) has a plu- 
rality of pipes (19) provided with holes (20), which 
open into the combustion chamber on a front por- 30 
Hon of said the pre-mixing chamber (1 0), in order to 
generate a series of pilot flames, which are appro- 
priately regulated, in order to stabilise a main flame, 
which is primed inside the combustion chamber, 
characterised in that a front area of the said con- 35 
verging portion (1 2) of the pre-mixing chamber (1 0) 
has at least one circular groove (28) provided at the 
said holes (20) which belong to the said pipes (19). 

2. Pre-mixingchamber(io)accordingtoclaimi,char- *o 
acterised in that the said circular groove (28) has a 
cross-section substantially in the shape of a "V". 

3. Pre-mixing chamber (1 o) according to claim 2, char- 
acterised in that each of the said pipes (19) ends at « 
an area which includes the tip of the said cross-sec- 
tion in the shape of a "V". 

4. Pre-mixing chamber (10) according to claim 1,2 or 

3, characterised in thai at least one first surface (30) so 
of the said converging portion (1 2} has a partial pro- 
tective coating, whereas a second surface (31) of 
the said converging portion (12), which also in- 
cludes the said groove (28), is treated by means of 
a full protective coating, 55 

5. Pre-mixing chamber(l 0) according to claim ^char- 
acterised in that the said first surface (30) is posi- 
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lioned relatively spaced from the said groove (28). 

6. Pre-mixing chamber (1 0) according to any preced- 
ing claim, characterised in that the said converging 
portion (12) is connected in a detachable manner 
to the casing (11) of the said pre-mixing chamber 
(10). 

7. Pre-mixing chamber (1 0) according to any preced- 
ing claim, characterised in that it includes a column- 
type support (29), inside which there is present a 
duct (22) for admission of gaseous fuel into the said 
pre-mixing chamber (10). 

8. Pre-mixing chamber (1 0) according to claim 7, char- 
acterised in that inside the said column-type sup- 
port (29) there is present a second duct (18) for ad- 
mission of pilot fuel, which ends in a distribution 
chamber (27), which in turn communicates with the 
said pipes (19). 

9. Pre-mixing chamber (10) according to any preced- 
ing claim, characterised in that inside the said con- 
verging portion (12), there is produced a How of mix- 
ture which is optimal for subsequent combustion, 
the said How of mixture being produced by at least 
one rotor (23), which can impart appropriate turbu- 
lence to the said riuid mixture. 

10. Pre-mixing chamber (1 o) according to any preced- 
ing claim, characterised in that the said holes (20) 
which belong to the said pipes (19) are disposed 
equidistantly in an annular direction, relative to a 
casing (11) of the pre-mixing chamber (10). 

11. Pre-mixing chamber (10) according to any preced- 
ing claim, and claim 2, characterised in that the said 
groove (2a) has an area of connection to the said 
pipes (1 9) which is substantially inclined, i.e. which 
is in the shape of a cone, and has at leas! one angle 
at the vertex (T) selected within an interval of pre- 
determined values, and specifically between 115° 
sexagesimal and 85° sexagesimal. 

12. Pre-mixing chamber for gas turbines (10), wherein 
the said gas turbine is of the type which comprises 
at least one compressor connected to the turbine, 
and comprises a combustion chamber, wherein the 
said pre-mixing chamber (1 0) has a converging por- 
tion (12), positioned such as to give rise to combus- 
tion inside the said combustion chamber, and 
wherein a liquid fuel injector supplied by a corre- 
sponding pipe is associated with the said pre-mix- 
ing chamber (10). characterised in that a front area 
of the said converging portion (12) of the pre-mixing 
chamber (10) has at least one circular groove (28). 
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